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it be necessary to increase the helght |
of thes embankment after troubles ot!
this kind have started they are cured

by extending the base of the super-'

imposed mass sufficiently to establish
equilibrium;: the extent to which this

mined experimentally.

Soft Earth Forcved Up.

If instead of building up an em-
bankment on ground so constituted a
trench be cut through it the removal
of the material from the cutting will
change the distribution of the load of
the adjacent banks, and if the exca-
vation be carried deep enough results
will bo produced similar to those in
the foregoing case of the embankment,
1. e, either the soft or underlying
strata will be forced into the exca-
vated area or the bottom of the latter

will be pushed up. when rupture is|g;hject, the
caused before the bottom of the ex-

eavation reaches the weaker layer.

broken strata is ruptured and there
will be u movement of a portion of !
the bunk intn the trench, the motion
continuing until equilibrium is reached.
The trench s filled or partly fil.ed
by the materinl thet moves in, and
when this !s taken out additnonal ma-
terlal may break away, and so the
operation continues until final equilib-
rium and ultimate stability are secured
unless, as in the case of the embank-
ments, some menns can be adopted to
reduce the load of the adjacent banks
other than allowing all the material
to enter the prism for removal The
results which fullow in the foregoing

caser are modified through extraneous .

acauses, such as alternate freezing and

thawing and excessive moisture due |

to rains or sEnow.

The foregolng behavior of wvarious
materials under varying conditions ex-
plaing the causea of the sldes that
have twon encountered In the con-
atruction ot t anal, They occurred
at points all along the line from the
ower end of Gatun locks to the sea
level section south of Miraflores locks,
both in bulding embankments and in

wariods oveavations that were rmu!r-.q

They were encountered early in the
construction of the Sosa-Corozal and
Gatun dams

(anses of Diaplacement.

In the former, dua to the weak
®trat underiving the aurface. there
WAA Caused i buleinkg up vutside of
embankment, wWith a consequent sel-
tlement ani displacement of the pile
The =!'n which occurred in the rock
plle which formed the gouthern tos of
the portion of the Gatun dam near the
adge of the old Prench canal wand
which brought forth such  adverse
erfticism of the project at thae time
was causced hy Jdumping rock on a

comparatively soft and slippery |m-|

terial
On the relocation of the Panama
Radlroad high embankiments wore bullt

em ground underlylig which were rel- | w10 Le of value with respect ta the

attvely moft strata that could not bear

the pressure transmitted to them by
the superimposed miosaes

Depending  upon  the Mmses,  the
elides which were encountersd while
excavating for the locks and the canal
prism were of three distinet classes
Firat, those caused by the material as

suming ita natural slope, In  cases |

wheare the banhlka were left steeper than

the angle of repose for the particuler | yarnating layvers of sandstone ol shale

material thromgh which tha excava-
ton was carried,

Second, those Jdue to the fact that
mate-ial more or lesy permeable re-
posed on  relatively  harder  astrata,
which inclined taoward the cutting
When the excavatlon reached a level
near or helow the intersection of the
harder plane with the sides of the
pran the superimposed mass moved
into the excavated aren

Third, those which resultesd from the |

Preaking of weak strata underlying the
hati ke, rupture heing produced by the
concentration of the welghts of the
banks due to the removal of the ma-
terial from the prism,

Slides Aand HAreaks,

The first two classes were des,o-
nated “slides With the third oluss
the cause was the breaking up struc-
turally of the natural materisl
they were called “breaks” in contra
tinction 1o the slides, although after
the break ocourred the movement of

the mass whove the fractured strata |

into the excavated area produced the
same general effect as a slide of the
other classos

The flrst cluss gave relatively it

troable and ceused entdrely when the |

natural rlope of the material was
rewched The =ccand  class usually
brought in gquantities of material sud-
denly, at times burving or overturning
#steaan vhovels and tracks, interrupting
dradnage and cousing considerable do-
WMy and additlonsl expense, In thess
canes when the material reached the
angle of ropose whleh the condith ns
fmposed there was no further ir

The thivd cluss ar breaks wi
most serious ungd Meult =lides
courtersd, g

th

“1n

The difficulties of steam shovel work on a slide.

plisent e uities
.
arg due (o hrealo, twao in number, on

opposite !5 u! the canal in the

vicinity of Culebra, north of Gold HiIL
While breaks occurred at  varlous
places along the Hne of the canal,

those in Gaillard Cut, or the excava- |
tlon through the continental dl\hl!\'

were the most serfous, because of the

heterogeneous  masses  of  material |

which composed {t and the depth of
blanket should be carried (s dru-r-,m,, LA y ! i

cutting, which affected the terrl-

tory adjceent to the cut for a 1'||n-i

slderable  distance and therefore
brought down large quantities of ma-
terial,

First Trouble In 1884,

The French company experienced

difficulties with a slide 4t Cucaracha as

early as 15884, Lut all the indications!

pointed to a surface movemont only,
and this opinion was supported by

| geologists who examined into the mat- |

ter. With the possible exception of the
French member, who s sald to have
been romewhat apprehensive on the
international board of
-ngim-orn anticipated no  ditheulties

| trom landslides, as their report clearly
In either case the bank above tha!

Indicates, and as does also the test]-
| mony of thogse members of that hoard
who appeared before the conunittees of
Congresg dealing with the canal. The
slides that were regarded as probable
were surface movements of the clay
covering the rocks, resulting from the
heavy rains, and these were provided
for by armanging the slopes in a series
of eteps on a general inclination of 435

| degrees, the angle of repose of ordinary |

earth.

After the United Siates forces hegan
work, sliding at Cucaracha continued
and in 1908 a geologist was employed
who, after sy months mak-
ing personal examination of the geo-
logical formation of the coun'ry tra

name sol

versed by the canal, made a report ong

the subject, which was published in
full in tte annual report of the Isth-
mian Canal Commission for 1907, In
thia report he atites

“The relation of the Isthmian geol-
ogy to the varied problems of canal
construction is, 1l cases, intimate,
i{me of the ms that is closely
connected wit

h the geology |

excavation of the cit in the cor
.rtl aren. Aoctun, work has ad il
go far in this region, however, that
geology can add titrle o o pra
information acgured in the course of
the excavation that hns alrea teem
made A less evident,

cloger, relationship exis
weology and the probl

ipon the constructjon of the Cche at
dams, while the nooessit uf taine-
ing large quantities of hotlding mats
rinl near the points where locks and

regulating works are to be construeted
cille for a special study.”

VY alue of the Geologlist,

From this It would appear thas the
excavation in the cut would be at-
tended with few difficulties other than
thosa which are usunally encountercd
in work of such character and mag-
nitude, aml th the s=ervices of a
geologist in connectinn with the canal

locks and the construction material
required therefor, rather than the ex-
the eontinental Al
1 discusscs  subse

(quenti in the same report W

i our present difficolties, i a8 manner

sl more explict, as< OW'S
“The physical chiaracter of the 'n-

lebira beds, conslsting as they dn of

i peeuliarly favorable to L
Structurally, however, the strata are

nearly rorizontal, or hay et low
southerly di i
movenienta involving f
rock are improbal T
suftable angles will do aw with the
dar r of minor slipse

“Crold 1IN & bounded on thie north
and south by faults, the m of the

with respect to the

hiil having st
mocks on the other «lde of the faul

During the process of faulting the
stratan were twisted ‘o the eastward,
and now hasve gieep dipg in that direc-
ftjon.,  Phis structure s alsn

eated by large masses of intrugive ha

galt which were include ] in ‘ilebra
Ywds prior to the faulting indura-

tlon resulting from these intrusions

hasg bheen so extensive that all  the |

rocks tn Gold ¥ are now very hard
and firm, and with the sedimentary
dipping into the Wil the condj
1N Are eniech thnt landslides are most
wnikely to oecur

Soft Redn In Culebhra,

“In Contractor's il a heavy Lirec-

cln member of the Catehrg Yaeds dip

in the direction of the eut 1t is Ty
Heved that the soft Culelra beds wil
L encountered helow the breceins,  If
these heds are found to have strong
northeasteriy Jdip that i i they are
clined fn the direction of the ent, us
the suprfacs indicatlon VELrOs L will
be necessary 1o omabke compartively
1ow #lopes on the sont i west wlde of the
eanal at Contractors i in opder to
avold any possibitity of nedsltde
ia fe the only poont slong the eanal
re suceh movemoents aro o N poss

ulhile In myv opinion, the danger (s not
gorong, it ordinary -!-|.:-||.. el res
that {f the soft * i beds are found

Im:nmlh the breceins to dip at u,,ﬂf.lwhu

Complete closure of the canal. Waves that are moving down shown at “A.”

the direc- | they became so troul
| latter part of 191

remov: ll lif 'i"ll’s hu ance of the

» Cieologien]l Survey,

tion and weather-

‘|nnumn..c--i by him as having had the

1| was employed

fments at least m ght

cry of slippery April removed 2t

opist so employed, was connected with

w careful study of the
materials ag the excavation progy
and was helpful with his
He was convinced from
that our dif-

drodges reisthed
ng the edge of
a study of the situation
ficuities at Cucaracha

the upper levels
the cut. the amount would be 80 emall
could be handied .
 easily and without |

of 286.230.78 cuble
e steam shovels

SUGGESTIONS

r continue in a
an number of years,
the material before it |
| ference with
| for the dike which
ered wou.d hold.

virds per montl

. Including Cucarach

the removal of

| Was experienced In ma varids from the

mn-mpsui an « 1..1-uru:-- system
Len 1O OVercone

proved entirely

of w.. m-o'u.sng

mass forming Gold
v Wus pushed up
rmation existing ot

Dredging Nest vilrds removed from

adjacent beds so that It has the shape |
Contractor's |
Cucaric ha had pulled out the
of part of the overflow,
extent, genumed and unsupported, hro

the dredges could work

‘hich 1o some
Wil 30 Sete I‘)-f- ur hours per day,

ind troublesome

,This was followed

the, southwest | {ne hack the upper mass of ol

{ All indications pointed to
dredging as the
ing the Lalance of tho slide,
* factor was taken
was the bLelief tha

with clay and rock, reaching to sixty-
nlne feet above se
| Bite or west side of the cut,

The length of the prism so fillied was
Steam shovels wore scarcely
with the movement,

wevel on the oppo- 1Afta Stenm

Bubsequent Lo the

Tho geo olst’'s report glyves correctly | able to Keep pace
tracks were coversd and disarranged,
shovels overturned and the difficulties
of transportation increased, since only
td]l tracks sufficlent for two or three
| curs could be maintained.

. | more, the soft matertal Increased the
It was a typical slide of

prodictions In in ‘i|l\\llf<| nio
lie st 'll ament of tl
aplnion thar the
extent ci'-\'l'lwp the nll«hw.

waad the most

| fact woere |I.-~\n-!u|u d l'! o .\'lr Popenit movements of this kind the up- |

m was sufficejient

, further and further up the hiliside. Pm “]‘ ” ineornorte ! ” TEh
) [} (8] iy i (T}

'"ll 'nlll II' rtion pushed up
affes 1--! but a few hun tl|n| l-nl
avetion ine |'t-g~m|

lrmk dike wis un u\-::d in l'ilﬂ
possess amnple

the great mass

the levels above

Sluice Found Handy,
mlz-slun of l'l.. as ful lm\

“The turning of the \\.u--r into the | 1h,
nt that eontinued Mmaterial near the tops of the hills [ canal will remedy the slides in so faras | the br
Mass Was uneove ,,.1 rurmln;_ the basin rrum which the ma- lt “l 1 provide che .||u| me ||llnl-l of ex- |,,‘ length ,.“.1 qui um..u » .-1 mite n.u in-
rinl was moving;
ing plant that had done lllu wn:'k fur

Thera was atlll a largs quantity ul']

furthermore, they

| fect of the water agalnst the
the canal will be yvery
the rlides are

| lowing reasons:

| of water in Culebra cut will he ¢

slopes of i the upwar
Cothe excavated arce affected a
P 2000 fect north of Gold HL

the confliguration of the ground on the
the clay | reverse slde of the hills lent {tself ad-

The maximum depth
of removing the

1 where sliding miy
moved down

ht ocenr is from seves

nt movements | into

l'—ﬁir | R
TR S
|

L of 20 ¢ents a cuble

the remainder

» ELW.Sweet £ (&

¥y be removed than was

ready for the admission of the water,

Inircased and the question of continuing the |

wedged shaped fronts and the in all pl.'--‘....‘.-l.a:

Weak underlying strata pushed up (A) by weight of embank.
ment (B); spread (C) not sufficient to produce equilibrium

! necessary; that by allowing the ma-yin the cut in the vicinity «f Culohes
terial that broke off to move into the | were completed prior to the algsetio
cut the minimum amount would be|of water the brealis In the borkes und
handled, resulting in reduced costg | the upward movement of the hwttom
and the mmterial left to itsclf would | had ceased entirely
amsume the natural slope that woull
result in rest under the conditions that
existed. When the surface of the prond e
The diMculty was that each break | exposed to the sun cracks appear dur
overturned the tracks at the bottom | ing the months of no rain aftor the aup
of the excavation, Interrupted drain- | and winds have dried out the gorfnee
age, thus seriously interfering with [ Unless the cracks are of come sin
and delaying operations in the prism, [ cansed by prolonced oxposiure, thay

Cracks Come and Go,

not only in the vicinity of the break | close and dml]lin.wr after the prognd
but at the localities where the shovels [ is saturated by the rans 1orng b
were drowned out through the stop- | dry season ..r 1913 a cra nh

page of drainage or where the train|on the east slde, opposte o
service to and from shovels depended [ about 1,200 feet from ¢t e -
upon the overturned or broken tracks | old Fr t

The expense involved Ly this condition | tha ¢ Ud no

would more than offset the cost of any | there was no hreakine

excess of material, If any. that might | between it und the cut, o

be moved from the upper leve!s | #idence: in short, there w

| |the Indications that accomponie
Two Brenks in 1910, | br ,,.\: L i 1jrinied

e 1%

| Two breaks occurred in rather rapid | The geologier sp - htaning

| succession at Culebra in the Ltter part fup the banks. which wis dane

of 1410 The usual interruption of jsluleing and steam shove nd ns n

work occurred, The later on

of the ! movement coule

' W
two determined the change plant | every reason te 2 ,-,:
nd In Junuary, 1811, the red lon in  a break, especi subis 0t
| the height of the adjwu t banks on sm below o < S
both sides of Gailiard Cut in the vie- | ' it
Celnlty of Culebra was directed and he- | onth i
| gun. Had the adoption of the method | anvwhere | v hottor 1
| been delayed there woull have b ] E_—
| other difficultios attending the lighte '
1..;- process, for the outlet to the main "
| line would have been cut off and thers | logic )
'won.d have been a very material in- | ment ' 1ol 1
crease In comt to armange for the trans- | away from the upped portione "
' portation of the spoll | bunk andad 1} ! F e
|  The geologist efter examining into | rea 1 the cmck app
| the situation strongly indorsed the ) not inereise, and there wis o
'lightening of the banks, not aione he- | ment. The geologist Las n
{ rause of upsetting and delaying aperi- | the mimm‘..rn and maximu
tions within the prism but heg .m.-‘i which in his opinjion the by
“esach slide of this type deforms and | extend, and 1 i avation
weakens the rocks down bhelow the|hanks was extended 1o pas b
limits of the material which actua maximum limits outile ' r
goes into the cut at the time, and this| tlans exceol) 1 v
sheared and weakened rock requires | were the conditions in () 1 o
much flatter slopea to maintain tself | the canal when water w ' t
than would have been necessary had (t |
not been stradned by pressure and Openings on Noth Sldews
deformation.” In the dry s=cason of 14114 o
The work of lightening both the | cracks appwarod on e thie ip
cast and west banks was carried on | termediate Lenebn . ¥ ' 3 a
untll December, 1913, at which tine n the vieinity r o
#,533.924 cubic vards had been removel | they wers ordina v A
from the east bank and 8,797 9%0 cubic | or the ftlrst (n il
vards from the west bank, resglting | tweaks  coud Tos red
in slopes of from 1 on 1.5 to 1 on € 5| thouegh they vescr I 1l
for the east side, and from 1 on 246 guard againe: contingen r
to 1 on 435 for the wes: sl The | the shovels were ety '
slopes were arranged in a series of lon the eaet banl re
henches, sl more, until] A
The result of this metliod of pro- | the west Lank
vedure wans that when the operations [until Jyne 14, 1011 1
——
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